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(57) ABSTRACT 
An improved and neW process of fabricating high dielectric 
constant MIM capacitors. These high dielectric constant 
MIM capacitor met all of the stringent requirements needed 
for both for both RF and analog circuit applications. For the 
high dielectric constant MIM capacitor, the metal is com 
prised of copper electrodes in a dual damascene process. The 
dielectric constant versus the total thickness of super lattices 
is controlled by the number of layers either 4/4 , 2/2, and 1/1 
arti?cial layers. Hence thickness of the ?lm can be easily 

wring Ltd_ controlled. Enhancement of dielectric constant is because of 
interface. Dielectric constants near 900 can be easily 

(21) Appl, No,: 10/286,627 achieved for 250 Angstrom thick super lattices. MBE, 
molecular beam epitaxy or ALCVD, atomic layer CVD 

(22) Filed: Nov. 2, 2002 techniques is used for this type layer groWth process 
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HIGH K ARTIFICIAL LATTICES FOR 
CAPACITOR APPLICATIONS TO USE IN CU OR 

AL BEOL 

BACKGROUND OF THE INVENTION 

[0001] (1) Field of the Invention 

[0002] This invention relates to a method of fabrication 
used for semiconductor integrated circuit devices, and more 
speci?cally to the formation of high dielectric constant MIM 
capacitors, using copper electrodes in a damascene process, 
and forming alternating layers of high dielectric arti?cial 
super lattices by depositing high dielectric material by MBE, 
molecular beam epitaxy or ALCVD, atomic layer CVD 
techniques. 
[0003] (2) Description of Related Art 

[0004] In this section a description of related Prior Art 
background patents folloWs. 

[0005] US. Pat. No. 6,218,079 B1 entitled “Method For 
MetalliZation By Dual Damascene Process Using Photosen 
sitive Polymer” granted Apr. 17, 2001 to Shin et al. describes 
a copper dual damascene process With high dielectric con 
stant silicon nitride. A photosensitive polymer having loW 
permittivity is used as an etch mask. Though the etch mask 
remains in the ?nal structure, its loW permittivity reduces 
parasitic capacitance effects. In this method, a photosensi 
tive polymer pattern having a ?rst hole With a ?rst Width is 
formed on a ?rst interlayer dielectric ?lm. A second inter 
layer dielectric ?lm is formed on the photosensitive polymer 
pattern. Amask pattern, having a second hole, above the ?rst 
hole, With a second Width larger than the ?rst Width, is 
formed on the second interlayer dielectric ?lm. A Wiring 
region is formed by dry-etching the second interlayer dielec 
tric ?lm using the mask pattern as an etch mask. A via hole 
region is formed by dry-etching the ?rst interlayer dielectric 
?lm using the photosensitive polymer pattern as an etch 
mask. 

[0006] US. Pat. No. 5,976,928 entitled “Chemical 
Mechanical Polishing Of FERAM Capacitors” granted Nov. 
2, 1999 to Kirlin et al. shoWs a dual damascene process With 
a high dielectric constant ferroelectric capacitor structure. 
The capacitor structure is formed by sequentially depositing 
a bottom electrode layer, a ferroelectric layer and a top 
electrode layer on a base structure, optionally With deposi 
tion of a layer of a conductive barrier material beneath the 
bottom electrode layer. PlanariZation of the capacitor pre 
cursor structure by chemical mechanical polishing yields the 
ferroelectric capacitor structure: a stack capacitor or trench 
capacitor. The process is carried out Without dry etching of 
the electrode layers or dry etching of the ferroelectric layer, 
to yield ferroelectric capacitors having a very small feature 
siZe, betWeen 0.10 and 0.20 microns. 

[0007] US. Pat. No. 6,117,747 entitled “Integration Of 
MOM Capacitor Into Dual Damascene Process” granted 
Sep. 12, 2000 to Shao et al. describes a dual damascene and 
MOM process for fabricating a metal-oXide-metal capacitor. 
A dielectric layer is provided overlying a semiconductor 
substrate. A dual damascene opening in the dielectric layer 
is ?lled With copper to form a copper via underlying a 
copper line. A ?rst metal layer is deposited overlying the 
copper line and patterned to form a bottom capacitor plate 
contacting the copper line. A capacitor dielectric layer is 
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deposited overlying the bottom capacitor plate. A second 
metal layer is deposited overlying the capacitor dielectric 
layer and patterned to form a top capacitor plate to complete 
fabrication of a metal-oXide-metal capacitor. 

[0008] US. Pat. No. 6,271,082 B1 entitled “Method Of 
Fabricating A MiXed Circuit Capacitor” granted Aug. 7, 
2001 to Hou et al. reveals a dual damascene and capacitor 
process for fabricating a capacitor for a miXed circuit 
application. The method involves forming a ?rst dielectric 
layer, a stop layer, and a second dielectric layer on a 
substrate having a conductive region. A?rst opening is then 
formed in the second dielectric layer, folloWed by forming 
a second opening in the stop layer and the ?rst dielectric 
layer, so that the ?rst opening and the second opening form 
a dual damascene opening for eXposing the conductive 
region. The dual damascene opening is ?lled With a ?rst 
conductive layer, so as to form a via plug and a loWer 
electrode of the capacitor for connecting to the conductive 
region. A third dielectric layer, Which is located betWeen the 
loWer electrode and a subsequent formed upper electrode, is 
then formed over the substrate, so that the loWer electrode 
and a part of the second dielectric layer adjacent to the loWer 
electrode are completely covered by the third dielectric 
layer. A patterned second conductive layer is formed on a 
part of the third dielectric layer, Whereby an upper electrode 
for completely covering the loWer electrode is formed. 

[0009] US. Pat. No. 6,166,423 entitled “Integrated Circuit 
Having A Via And A Capacitor” granted Dec. 26, 2000 to 
Gambino et al. describes a capacitor process for manufac 
turing a capacitor simultaneously While forming a dual 
damascene via. A ?rst interconnect layer is formed upon a 
?rst interlevel dielectric. Openings corresponding to vias 
and capacitors eXtend through a second interlevel dielectric 
to the ?rst interconnect layer. Aconductor is deposited in the 
via openings. An insulator is deposited in the openings and 
on the conductor in the via openings. A trench is then etched 
into the upper portion of the via openings While simulta 
neously removing the insulator from the conductor in the via 
openings. Aconductor is then deposited in the openings and 
in the trenches and chemical mechanical polishing (CMP) is 
used to pattern the conductor. A third interlevel dielectric is 
then deposited, openings are formed extending to the con 
ductors, and third interconnect layer conductors are depos 
ited and patterned. 

[0010] As a background to the present invention, eXisting 
dielectric materials are reaching their limits due to pitch siZe 
reduction and changes in capacitor architecture. The com 
bination of hemispherical polysilicon grains (HSG) and 
nitride is already shoWing strains at 130 nm technology, and 
reaching to and beyond 100 nm technology, Will require neW 
dielectrics and eventually the transition to MIM capacitor 
structures. Furthermore, the loW cost manufacturing nature 
of the memory business, and the eXtreme reluctance to 
change anything that is not absolutely necessary, makes for 
the integration of any neW technology a major challenge. 
Chip manufacturers are looking for capacitors that have 
higher dielectric constant materials to replace silicon oXyni 
tride, beginning With the 130 nm generation, and on a larger 
scale at 100 nm. 

SUMMARY OF THE INVENTION 

[0011] For future applications in RF integrated circuits in 
the back end of line, BEOL, the present invention describes 
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a method of fabricating high dielectric constant MIM, metal 
insulator-metal capacitors. In addition, the high dielectric 
constant MIM capacitors have the following desirable prop 
erties: loW voltage coef?cients, precise control of capacitor 
values for ease of matching, small parasitic capacitance, 
along With high reliability and loW defect densities. These 
high dielectric constant MIM capacitor met all of the strin 
gent requirements needed for both for both RF and analog 
circuit applications. 

[0012] For the high dielectric constant MIM capacitor, the 
metal is comprised of copper electrodes, since the loW 
resistance of copper can increase the inductor quality or 
Q-factor, compared to that of aluminum, and coupled With 
dielectrics of nitride help to reduce both the MIM capacitor 
area and reduce substrate coupling, as compared to that of 
silicon oxide. A high K dielectric betWeen the MIM elec 
trodes minimiZes the capacitor area requirement. To reduce 
capacitor space and obtain a high dielectric constant With 
less thickness, a novel, arti?cial super lattice is described by 
the present invention, selected from the group consisting of: 
Ta2O5-HfO2 , Ta2O5-ZrO2 , arti?cial hybrid lattices, both 
ferroelectric and antiferroelectric arti?cial super lattices, 
Which form “stacks” or layers of alternating dielectric, 
achieving high dielectric constants, used in MIM, metal 
insulator-metal, capacitor applications. The super lattices 
exhibit very high dielectric constants at short stacking 
periodicity of each layer due to the displacement of lattice 
ions. Good adhesion of HfO2 on a layer SiN, silicon nitride, 
is achieved When HfO2 is used as the bottom, starting stack 
material in the preparation of a super lattice. 

[0013] To increase or decrease dielectric constant, the 
stacking periodicity is changed. The combination of the 
functional layers in the atomic scale leads to the formation 
of neW compounds. Hence this technique is highly useful in 
the construction of capacitors using tWo different materials, 
or multiple component systems. 

[0014] This arti?cial super lattice approach is one of the 
promising Ways for the fabrication of capacitors such as 
MIM, Which can have stable layers With very high dielectric 
constants. Conventional solid solutions may have regions 
that are non-homogeneous and that can cause very high 
leakage currents. This arti?cially structured thin ?lms 
approach of the present invention yields novel dielectric 
properties compared With conventional thin ?lms, and meth 
ods described in the present invention can be easily 
employed in Cu-BEOL, copper back end of line. Key in 
MIM capacitors, the dielectric loss must be extremely small 
and the series resistance of the Wiring should be minimiZed 
for high frequency applications. This indicates it is desirable 
to use short interconnect Wires With loW speci?c resistance. 

[0015] Further embodiments of the present invention 
include ferroelectric and anti-ferroelectric based capacitors. 
There are some more materials having very high dielectric 
constants Which are also be used in present invention, With 
high dielectric constant properties based on ?lm or layer 
groWth temperature. These super lattices yield high dielec 
tric constant, based on the stacking periodicity and number 
of unit cells. The ?rst group of high dielectric constant 
materials is selected from the group consisting of: BaTiO3/ 
SrTiO3. The second group of high dielectric constant mate 
rials is selected from the group consisting of: BaTiO3/ 
BaHfO3, BaTiO3/BaZrO3, With ease of preparation to 
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achieve high dielectric constants. The third group of high 
dielectric constant materials is selected from the group 
consisting of: BaO_5SrO_5TiO3, With layering stack of [(Ba 
TiO3)4/(SrTiO3)4]4. The dielectric constant versus the total 
thickness of the super lattices is controlled by the number of 
layers. MBE, molecular beam epitaxy or ALCVD, atomic 
layer CVD techniques is used for this type layer groWth 
process. 

[0016] In accordance With the present invention, the above 
and other objectives are realiZed by using a method of 
fabricating a This invention has been summariZed above and 
described With reference to the preferred embodiments. 
Some processing details have been omitted and are under 
stood by those skilled in the art. More details of this 
invention are stated in the “DESCRIPTION OF THE PRE 
FERRED EMBODIMENT ” section. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] The object and other advantages of this invention 
are best described in the preferred embodiments With refer 
ence to the attached draWings that include: 

[0018] FIGS. 1A-1D, illustrate several key features of the 
present invention: FIG. 1A, graphs dielectric constant, K, 
versus several titanate stacking dielectrics, FIG. 1B, graphs 
dielectric constant, K, versus total dielectric thickness of 
various titanate dielectrics, FIG. 1C, illustrates a dielectric 
super lattice, FIG. 1D, graphs RHEED oscillation intensity 
versus time during groWth of a super lattice. 

[0019] FIGS. 2A-2C, Which in cross-sectional representa 
tion illustrate the method of the main embodiments of the 
present invention. 

[0020] FIG. 3 is a How chart of the general method of the 
present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0021] The neW and improved method of using high 
dielectric constant MIM, metal-insulator-metal capacitors 
for future high frequency applications in RF, integrated 
circuits Will noW be described in detail. The present inven 
tion describes a method of fabricating high dielectric con 
stant MIM, metal-insulator-metal capacitors. In addition, the 
high dielectric constant MIM capacitors have the folloWing 
desirable properties: loW voltage coef?cients, precise control 
of capacitor values for ease of matching, small parasitic 
capacitance, along With high reliability and loW defect 
densities. These high dielectric constant MIM capacitor met 
all of the stringent requirements needed for both for both RF 
and analog circuit applications. 

[0022] For the high dielectric constant MIM capacitor, the 
metal is comprised of copper electrodes, since the loW 
resistance of copper can increase the inductor quality or 
Q-factor, compared to that of aluminum, and coupled With 
dielectrics of nitride help to reduce both the MIM capacitor 
area and reduce substrate coupling, as compared to that of 
silicon oxide. A high K dielectric betWeen the MIM elec 
trodes minimiZes the capacitor area requirement. To reduce 
capacitor space and obtain a high dielectric constant With 
less thickness, a novel, arti?cial super lattice is described by 
the present invention, selected from the group consisting of: 
Ta2O5/HfO2, Ta2O5/ZrO2 , arti?cial hybrid lattices, both 
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ferroelectric/antiferroelectric arti?cial super lattices, Which 
form “stacks” or layers of alternating dielectric, achieving 
high dielectric constants, used in MIM, metal-insulator 
metal, capacitor applications. The super lattices exhibit very 
high dielectric constants at short stacking periodicity of each 
layer due to the displacement of lattice ions. Good adhesion 
of HfO2 on a layer SiN, silicon nitride, is achieved When 
HfO2 is used as the bottom, starting stack material in the 
preparation of a super lattice. 

[0023] To increase or decrease dielectric constant, the 
stacking periodicity is changed. The combination of the 
functional layers in the atomic scale leads to the formation 
of neW compounds. Hence this technique is highly useful in 
the construction of capacitors using tWo different materials, 
or multiple component systems. 

[0024] This arti?cial super lattice approach is one of the 
promising Ways for the fabrication of capacitors such as 
MIM, Which can have stable layers With very high dielectric 
constants. Conventional solid solutions may have regions 
that are non-homogeneous and that can cause very high 
leakage currents. This arti?cially structured thin ?lms 
approach of the present invention yields novel dielectric 
properties compared With conventional thin ?lms, and meth 
ods described in the present invention can be easily 
employed in Cu-BEOL, copper back end of line. Key in 
MIM capacitors, the dielectric loss must be extremely small 
and the series resistance of the Wiring should be minimized 
for high frequency applications. This indicates it is desirable 
to use short interconnect Wires With loW speci?c resistance. 

[0025] To build copper based capacitors, in a dual dama 
scene process, a simple process How is as folloWs: silicon 
nitride deposition, PE plasma enhanced TEOS, tetraethox 
ysilane deposition, dual damascene etch, barrier deposition, 
arti?cial lattices deposition using ALCVD, atomic layer 
CVD, or MBE, molecular beam epitaxy, and copper depo 
sition. The formation of the capacitor inside the trench 
reduces space and it is easy to prepare using super lattices 
since it is conformal groWth. Note, depending on the par 
ticular method of to be used to form a dual damascene 
opening, the loW dielectric constant dielectric mentioned 
above, in the tetraethoxysilane deposition, can consist of a 
multiple layers of alternating dielectric With etch stop layers. 
LoW dielectric constant material is selected from the group 
consisting of: PE TEOS, plasma enhanced tetraethoxysilane 
deposition, SiN, SiO, SOG spin-on-glass halogenated SiO, 
?uorinated silicate glass FSG, in a thickness range from 
1000 to 10000 Angstroms. 

[0026] Further embodiments of the present invention 
include ferroelectric and anti-ferroelectric based capacitors. 
There are some more materials having very high dielectric 
constants Which are also be used in present invention, With 
high dielectric constant properties based on ?lm or layer 
groWth temperature. These super lattices yield more than 
500 dielectric constant, based on the stacking periodicity 
and number of unit cells. The ?rst group of high dielectric 
constant materials is selected from the group consisting of: 
BaTiO3/SrTiO3. The second group of high dielectric con 
stant materials is selected from the group consisting of: 
BaTiO3/BaHfO3, BaTiO3/BaZrO3, With ease of preparation 
to achieve high dielectric constants, and With the thickness 
of each compound being varied from approximately 4 to 250 
Angstroms. 
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[0027] The third group of high dielectric constant mate 
rials is selected from the group consisting of: 50 atomic 
percent of barium and 50 atomic percent of strontium 
forming Ba0_5SrO_5TiO3, With layering stack of [(BaTiO3)4/ 
(SrTiO3)4]4 The dielectric constant versus the total thickness 
of super lattices is controlled by the number of layers either 
4/4, 2/2, and 1/1 arti?cial layers. Hence, thickness of the ?lm 
is easily controlled. Enhancement of the dielectric constant 
is achieved as a result of the interface. Dielectric constants 
near 900 are achieved for 250 Angstrom thick super lattices. 
MBE, molecular beam epitaxy or ALCVD, atomic layer 
CVD techniques is used for this type layer groWth process. 

[0028] Referring to FIG. 1A, is a graph of dielectric 
constant, K, versus several titanate stacking dielectrics, 
illustrating several different stacking con?gurations: a one 
component stacking unit comprised of (SrO_3BaO_7)TiO3 a 
tWo component stacking 2/2 unit comprised of SrTiO3/ 
BaTiO3 a tWo component stacking 2/2 unit comprised of 
(SrmBao_7)TiO3/(Cao_52SrO_48)TiO3 FIG. 1B, is a graph of 
dielectric constant, K, versus total dielectric thickness in 
Angstroms for several titanate compositions and stacking 
con?gurations. 

[0029] Referring to FIG. 1B legend: 
[0030] E21 open squares, solid state solution of SrBa 

T103 
[0031] . closed circle, 1/1 unit stack 
[0032] LA open triangles, 2/2 unit stack 

[0033] I closed squares, 4/4 unit stack 

[0034] Referring to FIG. 1C, Which in cross-sectional 
representation illustrates a super lattice comprised of 3/3 
unit stacking, Which is comprised of alternating barium 
titanate and strontium titanate dielectric layers, forming a 
BaTiO3/SrTiO3 super lattice. The folloWing layers are 
formed: 1 semiconductor substrate, comprised of single 
crystal silicon, having a (100) crystal orientation. Semicon 
ductor device structures are formed in and on the semicon 
ductor substrate. These device structures include gate elec 
trodes, interconnection lines, FET source/drain areas, and 
loW levels of metalliZation. The semiconductor device struc 
tures, not shoWn, are formed in layer 2, and are covered With 
an insulator. Next, a bottom capacitor metal electrode 3 (M) 
for a MIM, metal-insulator-metal capacitor, is formed. Next, 
the folloWing layers are formed, referred to as “4 through 9” 
in the FIG. 1C. Firstly, deposition of high k super lattice 
dielectrics and formation of capacitor insulator (I) for MIM, 
metal-insulator-metal capacitor is performed. A layer of ?rst 
BaTiO3 layer 4 for super lattice formation is deposited over 
the bottom capacitor metal electrode 3, and next a ?rst 
SrTiO3 layer 5 for super lattice formation over the ?rst 
BaTiO3 layer 4. Next, a second BaTiO3 layer 6 for super 
lattice formation over the ?rst SrTiO3 layer 5. Next, a second 
SrTiO3 layer 7 for super lattice formation over the second 
BaTiO3 layer 6. Next, a third BaTiO3 layer 8 for super lattice 
formation over the second SrTiO3 layer 7. Next, a third 
SrTiO3 layer 9 for super lattice formation over the third 
BaTiO3 layer 8. 
[0035] Referring to FIG. 1D, graphs RHEED oscillation 
intensity versus time during groWth of a super lattice, for a 
a tWo component alternating stacking of 3/3 units each 
comprised of SrTiO3/BaTiO3, repeated three times. The 
sequence in FIG. 1D is as folloWs, for forming a deposition 
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of high k super lattice dielectrics and in the formation of 
capacitor insulator (I), for a MIM, metal-insulator-metal 
capacitor. Starting With a ?rst SrTiO3 3 unit layer for super 
lattice formation, then followed by a ?rst BaTiO3 3 unit layer 
for super lattice formation over the ?rst SrTiO3 layer. Then, 
folloWed by a second SrTiO3 3 unit layer for super lattice 
formation over the ?rst BaTiO3 layer, next a second BaTiO3 
3 unit layer for super lattice formation over the second 
SrTiO3 layer, and then ?nally a third SrTiO3 3 unit layer for 
super lattice formation over the second BaTiO3 layer. For 
completion: then ?nally a third BaTiO3 3 unit layer for super 
lattice formation over the third SrTiO3 layer. 

[0036] Referring to FIGS. 2A-2C, Which in cross-sec 
tional representation illustrate the method of the main 
embodiments of the present invention. 

[0037] Referring to FIG. 2A, Which in cross-sectional 
representation illustrates the method of the present invention 
comprising the formation of a bottom capacitor metal elec 
trode (M) using dual damascene, in combination With CMP, 
chemical mechanical polishing processes. Also, sketching 
the deposition of high k super lattice dielectrics and forma 
tion of the capacitor insulator The layering starts With 
providing a semiconductor substrate 20, comprised of single 
crystal silicon, having a (100) crystal orientation. Semicon 
ductor device structures are formed in and on the semicon 
ductor substrate. These device structures include gate elec 
trodes, interconnection lines, FET source/drain areas, and 
loW levels of metalliZation. The semiconductor device struc 
tures, not shoWn, are formed in layer 200 and are covered 
With an insulator. Then the folloWing layering is performed: 
an insulator, ?rst thick layer, loW K material is formed. Next, 
a second insulator 22, loW K material is formed over 21. 
Next, a third insulator, 23 loW K material is formed over 22. 
Next, a thin etch stop layer (ESL) 24, is formed over 23. 
Next, a bottom capacitor metal electrode 25 (M) for MIM, 
metal-insulator-metal capacitor, is formed over 24. This 
bottom capacitor metal electrode 25 (M) is comprised of 
copper inlaid metal, for a bottom capacitor plate and is 
formed by a dual damascene, trench/via process With chemi 
cal mechanical polishing back of metal conductor. Next, a 
thin diffusion barrier layer 26, is blanket deposited over all 
layers. The key processing step is the formation of a super 
lattice stack 27, high dielectric constant material in FIG. 2A, 
over the barrier layer 26. With reference to FIG. 2B, Which 
is an enlarged area sketch of super lattice stack 28, the high 
dielectric constant material in FIG. 2A. Finally, a “top cap” 
insulating layer 29, is deposited and is silicon nitride, as 
shoWn in FIG. 2A. 

[0038] Referring to FIG. 2B, Which is an enlarged area 
taken from FIG. 2A, sketched in cross-sectional represen 
tation illustrates the key method of the present invention, the 
deposition of super lattice dielectrics With high dielectric 

constant insulator, in the formation of capacitor insulator In FIG. 2B, the multi-layered, alternating high dielectric 

constant material 28 (arroW), is comprised of the super 
lattice stack components, 27 (arroW). 

[0039] Referring to FIG. 2C, Which in cross-sectional 
representation illustrates the method of the present invention 
comprising the formation of a top capacitor metal electrode 
(M) using dual damascene, in combination With CMP, 
chemical mechanical polishing processes. Also, sketched is 
the high k super lattice dielectrics forming the capacitor 
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insulator In addition, in FIG. 2C is sketched the essen 
tials of an entire MIM, metal-insulator-metal, capacitor on a 
semiconductor substrate, comprised of single crystal silicon, 
having a (100) crystal orientation. Semiconductor device 
structures are formed in and on the semiconductor substrate. 
These device structures include gate electrodes, intercon 
nection lines, FET source/drain areas, and loW levels of 
metalliZation. The semiconductor device structures, not 
shoWn, are formed in layer 200 and are covered With an 
insulator. LoW k dielectric insulating layers are: 21, 22, and 
23, respectively With insulating etch stop layer (ESL) 24. 
Metal barrier layer 26, lines the insulating super lattice (I) 27 
(arroW), the high dielectric constant material. Bottom metal 
electrode (M) is 25, With insulating super lattice (I) 27 
(arroW), and top metal electrode (M) 290, together form the 
MIM, metal-insulator-metal capacitor. Note the shape of the 
inlaid metal electrodes, comprising “T” shapes, as formed 
from dual damascene processing, in combination With CMP, 
chemical mechanical polishing processes. The top metal 
electrode (290) is formed from a plated layer of copper 
deposited on copper seed layer, in a copper “gap ?ll” process 
that included a planariZation of the copper electrode by 
chemical mechanical polishing, CMP. Still referring to FIG. 
2C, one of the key embodiments of the present invention is 
the high dielectric super lattice material 291 (arroW) in the 
area or region in betWeen the tWo electrodes: top (290) and 
bottom (25) electrodes, speci?cally in area 291 (arroW), that 
serves as the major contributor to the capacitance value of 
the MIM capacitor. 

[0040] FIG. 3 is a How chart of the general method of the 
present invention. Starting With formation of bottom cap. 
metal electrode (M) 31 Which uses a dual damascene+amp 
processes for formation. Then, the deposition of the ?rst loW 
k dielectric layer 32, deposition of etch stop layer (ESL) 33, 
deposition of the second loW k dielectric layer 34, folloWed 
by dual damascene etching for trench/via formation 35, 
deposition of barrier metal 36, deposition of high k super 
lattice dielectrics forming the capacitor insulator (I) 37, and 
?nally the formation of top capacitor metal electrode (M) 
using dual damascene and chemical mechanical polishing 
CMP processes, to form the complete metal-insulator-metal 
(MIM) capacitor. 
[0041] Note, the super lattice dielectric properties depend 
on groWth temperature and deposition conditions. Please 
specify the groWth temperature and deposition conditions 
for super lattices. For ALCVD, the groWth temperature is 
typically 300 to 500° C., With pressure ranging from 1 
milli-Torr to 10 Torr. 

[0042] A summary of the key layers for MIM capacitor 
processing and process details are: 

[0043] (a) The dielectric layers are a loW dielectric 
constant material or materials selected from the 
group consisting of: SiN, SiO, spin-on-glass SOG, 
PE plasma enhanced TEOS, tetraethoxysilane depo 
sition, halogenated SiO, ?uorinated silicate glass 
(FSG), in a thickness range from 1000 to 10000 
Angstroms, deposited by chemical vapor deposition 
or by spinning on glass for spin-on-glass SOG. 

[0044] (b) The ?rst metal electrode layer is selected 
from group consisting of metals and metal alloys 
With high conductivity, deposited by physical vapor 
deposition and plating: copper, copper alloys, alu 



US 2004/0087101 A1 

minum and aluminum alloys, platinum and platinum 
alloys, palladium and alloys, gold and gold alloys, 
silver and silver alloys, With a thickness range from 
1000 to 20000 Angstroms and for copper, seed layer 
thickness from 500 to 1500 Angstroms, With plated 
copper thickness from 10000 to 20000 Angstroms, 
forming a bottom metal electrode overlying an inter 
metal dielectric layer. 

[0045] (c) The capacitor dielectric insulator With high 
dielectric constant material or materials, alternating 
material layers and forming a super lattice stack, 
With stacking units of 1/1, 2/2, 3/3, 4/4, comprises a 
material or materials selected from the group con 

sisting of: (SrO_3BaO_7)TiO3, SrTiO3/BaTiO3, 
(SrO3BaO7)TiO3, (CaO_52SrO_48)TiO3, BaTiO3/SrTiO3, 
BaTiO3/ BaHfO3, BaTiO3/BaZrO3, Ba0_5SrO_5TiO3, 
With layering stack of [(BaTiO3)4/(SrTiO3)4]4, 
Ta2O5/HfO2, Ta2O5/ZrO2, Ta2O5/ HfO2, Ta2O5/ 
ZrO2, and ferroelectric/antiferroelectric materials. 

[0046] (d) The capacitor dielectric insulator With 
high dielectric constant material or materials are 
formed by using Molecular Beam Epitaxy or Atomic 
Layering Chemical Vapor Deposition techniques, 
alternating material layers and forming a super lat 
tice stack, With stacking units of 1/1, 2/2, 3/3, 4/4, 
having high dielectric constants based on the groWth 
temperature, With thickness in the range betWeen 0.1 
to 2 microns, and deposition temperatures betWeen 
300 to 500° C., With pressure ranging from 1 milli 
Torr to 10 Torr. 

[0047] (e) The metal barrier layer is selected from the 
group consisting of: TaN and W deposited by chemi 
cal vapor deposition, With thickness in the range 
betWeen 500 to 1000 Angstroms. 

[0048] The capacitor dielectric insulator With high 
dielectric constant material or materials, alternating 
material layers and forming a super lattice stack, are 
comprised of material or materials selected from the 
group consisting of: super lattice stack starting With 
HfO2, as the bottom starting stack material, formed 
on SiN, silicon nitride, for good adhesion properties. 

[0049] (g) The second metal electrode layer is 
selected from group consisting of metals and metal 
alloys With high conductivity, deposited by physical 
vapor deposition and plating: copper, copper alloys, 
aluminum and aluminum alloys, platinum and plati 
num alloys, palladium and alloys, gold and gold 
alloys, silver and silver alloys, With a thickness range 
from 1000 to 20000 Angstroms and for copper, seed 
layer thickness from 500 to 1500 Angstroms, With 
plated copper thickness from 10000 to 20000 Ang 
stroms, forming a top metal electrode. 

[0050] While the invention has been particularly shoWn 
and described With reference to the preferred embodiments 
thereof, it Will be understood by those skilled in the art that 
various changes in form and details may be made Without 
departing from the spirit and scope of the invention. 
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[0051] What is claimed is: 

1. A method for fabricating a metal-insulator-metal 
capacitor comprising: 

providing a ?rst dielectric layer overlying a semiconduc 
tor substrate; 

forming dual damascene openings Within said ?rst dielec 
tric layer, and forming a ?rst metal electrode ?lling said 
dual damascene openings; 

providing a second dielectric layer overlying said ?rst 
metal electrode, and forming dual damascene openings 
lined With a metal barrier layer Within said second 
dielectric layer; 

forming a capacitor dielectric insulator With high dielec 
tric constant material Within the dual damascene open 
ings; and 

forming a second metal electrode overlying said capacitor 
dielectric insulator ?lling the dual damascene openings, 
to complete the fabrication of said metal-insulator 
metal capacitor. 

2. The method of claim 1, Wherein said semiconductor 
substrate includes semiconductor device structures such as 
gate electrodes and source/drain regions. 

3. The method of claim 1, Wherein said semiconductor 
substrate includes semiconductor device structures such as 
gate electrodes, source/drain regions and multiple levels of 
metal interconnections. 

4. The method of claim 1, Wherein said dielectric layers 
are a loW dielectric constant material or materials selected 
from the group consisting of: SiN, SiO, spin-on-glass SOG, 
PE plasma enhanced TEOS, tetraethoXysilane deposition, 
halogenated SiO, ?uorinated silicate glass (FSG), in a thick 
ness range from 1000 to 10000 Angstroms, deposited by 
chemical vapor deposition or by spinning on glass for 
spin-on-glass SOG. 

5. The method of claim 1, Wherein said ?rst metal 
electrode layer is selected from group consisting of metals 
and metal alloys With high conductivity, deposited by physi 
cal vapor deposition and plating: copper, copper alloys, 
aluminum and aluminum alloys, platinum and platinum 
alloys, palladium and alloys, gold and gold alloys, silver and 
silver alloys, With a thickness range from 1000 to 20000 
Angstroms and for copper, seed layer thickness from 500 to 
1500 Angstroms, With plated copper thickness from 10000 
to 20000 Angstroms, forming a bottom metal electrode 
overlying an intermetal dielectric layer. 

6. The method of claim 1, Wherein said capacitor dielec 
tric insulator With high dielectric constant material or mate 
rials, alternating material layers and forming a super lattice 
stack, With stacking units of 1/1, 2/2, 3/3, 4/4, comprises a 
material or materials selected from the group consisting of: 

(SrO_3BaO_7)TiO3, SrTiO3/BaTiO3/(SrO_3BaO_7)TiO3/ 
(CaO_52Sr0_48)TiO3, BaTiO3/SrTiO3, BaTiO3/BaHfO3, 
BaTiO3/BaZrO3, Ba0_5SrO_5TiO3, With layering stack of 
[(BaTiO3)4/(SrTiO3)4]4, Ta2O5/HfO2, Ta2O5/ZrO2, 
Ta2O5/HfO2, Ta2O5/ZrO2, and ferroelectric/antiferro 
electric materials. 

7. The method of claim 1, Wherein said capacitor dielec 
tric insulator With high dielectric constant material or mate 
rials are formed by using Molecular Beam Epitaxy or 
Atomic Layering Chemical Vapor Deposition techniques, 
alternating material layers and forming a super lattice stack, 
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With stacking units of 1/1, 2/2, 3/3, 4/4, having high dielec 
tric constants based on the growth temperature, With thick 
ness in the range betWeen 0.1 to 2 microns, and deposition 
temperatures betWeen 300 to 500° C., With pressure ranging 
from 1 milli-Torr to 10 Torr. 

8. The method of claim 1, Wherein said metal barrier layer 
is selected from the group consisting of: TaN and W depos 
ited by chemical vapor deposition, With thickness in the 
range betWeen 500 to 1000 Angstroms. 

9. The method of claim 1, Wherein said capacitor dielec 
tric insulator With high dielectric constant material or mate 
rials, alternating material layers and forming a super lattice 
stack, are comprised of material or materials selected from 
the group consisting of: super lattice stack starting With 
HfO2, as the bottom starting stack material, formed on SiN, 
silicon nitride, for good adhesion properties. 

10. The method of claim 1, Wherein said second metal 
electrode layer is selected from group consisting of metals 
and metal alloys With high conductivity, deposited by physi 
cal vapor deposition and plating: copper, copper alloys, 
aluminum and aluminum alloys, platinum and platinum 
alloys, palladium and alloys, gold and gold alloys, silver and 
silver alloys, With a thickness range from 1000 to 20000 
Angstroms and for copper, seed layer thickness from 500 to 
1500 Angstroms, With plated copper thickness from 10000 
to 20000 Angstroms, forming a top metal electrode. 

11. The method of claim 1, Wherein said ?rst and second 
metal electrode layers are selected from group copper and 
copper alloys, using copper electrochemical plating from a 
copper seed layer and planariZed by chemical mechanical 
polishing. 

12. The method of claim 1, Wherein said ?rst and second 
metal electrode layer are formed in a dual damascene 
opening in a ?rst material and then planariZed by chemical 
mechanical polishing, forming inlaid embedded metal elec 
trodes in the ?rst material. 

13. A method for fabricating a metal-insulator-metal 
capacitor comprising: 

providing a ?rst dielectric layer overlying a semiconduc 
tor substrate; 

forming dual damascene openings Within said ?rst dielec 
tric layer; 

depositing a ?rst metal electrode layer overlying said dual 
damascene openings and the ?rst dielectric layer; 

patterning said ?rst metal electrode layer to form a bottom 
capacitor metal electrode plate; 

depositing a second dielectric layer overlying said bottom 
capacitor metal electrode plate; 

forming dual damascene openings Within said second 
dielectric layer; 

depositing a metal barrier layer overlying said dual dama 
scene openings; 

depositing a capacitor dielectric layer With high dielectric 
constant material forming a super lattice overlying said 
metal barrier layer; 

depositing a second metal electrode layer overlying said 
capacitor dielectric layer; 
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patterning said second metal electrode layer, metal barrier 
layer, and capacitor dielectric layer to form a top 
capacitor metal electrode plate, a capacitor insulator 
and metal barrier layer, both are sandWiched in betWeen 
the top and bottom capacitor metal electrode plates; 

thus, completing the fabrication of said metal-insulator 
metal capacitor. 

14. The method of claim 13, Wherein said semiconductor 
substrate includes semiconductor device structures such as 
gate electrodes and source/drain regions. 

15. The method of claim 13, Wherein said semiconductor 
substrate includes semiconductor device structures such as 
gate electrodes, source/drain regions and multiple levels of 
metal interconnections. 

16. The method of claim 13, Wherein said dielectric layers 
are a loW dielectric constant material or materials selected 

from the group consisting of: SiN, SiO, spin-on-glass SOG, 
PE plasma enhanced TEOS, tetraethoXysilane deposition, 
halogenated SiO, ?uorinated silicate glass (FSG), in a thick 
ness range from 1000 to 10000 Angstroms, deposited by 
chemical vapor deposition or by spinning on glass for 
spin-on-glass SOG. 

17. The method of claim 13, Wherein said metal barrier 
layer is selected from the group consisting of: TaN and W 
deposited by chemical vapor deposition, With thickness in 
the range betWeen 500 to 1000 Angstroms. 

18. The method of claim 13, Wherein said ?rst metal 
electrode layer is selected from group consisting of metals 
and metal alloys With high conductivity, deposited by physi 
cal vapor deposition and plating: copper, copper alloys, 
aluminum and aluminum alloys, platinum and platinum 
alloys, palladium and alloys, gold and gold alloys, silver and 
silver alloys, With a thickness range from 1000 to 20000 
Angstroms and for copper, seed layer thickness from 500 to 
1500 Angstroms, With plated copper thickness from 10000 
to 20000 Angstroms, forming a bottom metal electrode 
overlying an intermetal dielectric layer. 

19. The method of claim 13, Wherein said capacitor 
dielectric layer With high dielectric constant material or 
materials, alternating material layers and forming a super 
lattice stack, With stacking units of 1/1, 2/2, 3/3, 4/4, 
comprises a material or materials selected from the group 
consisting of: 

(SrO_3BaO_7)TiO3, SrTiO3/BaTiO3, (SrO_3BaO_7)TiO3/ 
(CaO_52Sr0_48)TiO3, BaTiO3/ SrTiO3, BaTiO3/BaHfO3, 
BaTiO3/BaZrO3, Ba0_5SrO_5TiO3, With layering stack of 
[(BaTiO3)4/(SrTiO3) 4] 4, Ta2O5/HfO2, Ta2O5/ZrO2, 
Ta2O5/HfO2, Ta2O5/ZrO2, and ferroelectric / antiferro 
electric materials. 

20. The method of claim 13, Wherein said capacitor 
dielectric insulator With high dielectric constant material or 
materials are formed by using Molecular Beam Epitaxy or 
Atomic Layering Chemical Vapor Deposition techniques, 
alternating material layers and forming a super lattice stack, 
With stacking units of 1/ 1, 2/2, 3/3, 4/4, having high dielec 
tric constants based on the groWth temperature, With thick 
ness in the range betWeen 0.1 to 2 microns, and deposition 
temperatures betWeen 300 to 500° C., With pressure ranging 
from 1 milli-Torr to 10 Torr. 

21. The method of claim 13, Wherein said capacitor 
dielectric layer With high dielectric constant material or 
materials, alternating material layers and forming a super 
lattice stack, are comprised of material or materials selected 
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from the group consisting of: super lattice stack starting With 
HfO2, as the bottom starting stack material, formed on SiN, 
silicon nitride, for good adhesion properties. 

22. The method of claim 13, Wherein said second metal 
electrode layer is selected from group consisting of metals 
and metal alloys With high conductivity, deposited by physi 
cal vapor deposition and plating: copper, copper alloys, 
aluminum and aluminum alloys, platinum and platinum 
alloys, palladium and alloys, gold and gold alloys, silver and 
silver alloys, With a thickness range from 1000 to 20000 
Angstroms and for copper, seed layer thickness from 500 to 
1500 Angstroms, With plated copper thickness from 10000 
to 20000 Angstroms, forming a top metal electrode. 

23. The method of claim 13, Wherein said ?rst and second 
metal electrode layers are selected from group copper and 
copper alloys, using copper electrochemical plating from a 
copper seed layer and planariZed by chemical mechanical 
polishing. 

24. The method of claim 13, Wherein said ?rst and second 
metal electrode layer are formed in a dual damascene 
opening in a ?rst material and then planariZed by chemical 
mechanical polishing, forming inlaid embedded metal elec 
trodes in the ?rst material. 

25. A method for fabricating a metal-insulator-metal 
capacitor comprising: 

providing a ?rst dielectric layer overlying a semiconduc 
tor substrate; 

forming dual damascene openings Within said ?rst dielec 
tric layer; 

depositing a ?rst barrier metal layer overlying said dual 
damascene openings and overlying the ?rst dielectric 
layer; 

depositing a ?rst copper seed layer overlying said ?rst 
barrier metal layer; 

plating a ?rst metal electrode layer of copper overlying 
said ?rst copper seed layer and ?lling the dual dama 
scene openings; 

patterning by planariZing using chemical mechanical pol 
ishing said ?rst metal electrode layer of copper and the 
?rst barrier metal layer, to form a bottom capacitor 
copper electrode plate in the dual damascene openings; 

depositing a second dielectric layer overlying said bottom 
capacitor copper electrode plate; 

forming dual damascene openings Within said second 
dielectric layer; 

depositing a second barrier metal layer overlying said 
dual damascene openings and overlying the second 
dielectric layer; 

depositing a capacitor dielectric layer With high dielectric 
constant material forming a super lattice overlying said 
second metal barrier layer and overlying the bottom 
capacitor copper electrode plate; 

depositing a third barrier metal layer overlying said 
capacitor dielectric layer; 

depositing a second copper seed layer overlying said third 
barrier metal layer; 
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plating a second metal electrode layer of copper overlying 
said second copper seed layer and ?lling the dual 
damascene openings; 

patterning by planariZing using chemical mechanical pol 
ishing said second metal electrode layer of copper, third 
metal barrier layer, and the capacitor dielectric layer to 
form a top capacitor copper electrode plate, a patterned 
capacitor insulator With a patterned metal barrier layer, 
sandWiched in betWeen the top and bottom capacitor 
copper electrode plates; 

thus, completing the fabrication of said metal-insulator 
metal capacitor. 

26. The method of claim 25, Wherein said semiconductor 
substrate includes semiconductor device structures such as 
gate electrodes and source/drain regions. 

27. The method of claim 25, Wherein said semiconductor 
substrate includes semiconductor device structures such as 
gate electrodes, source/drain regions and multiple levels of 
metal interconnections. 

28. The method of claim 25 , Wherein said dielectric layers 
are a loW dielectric constant material or materials selected 

from the group consisting of: SiN, SiO, spin-on-glass SOG, 
PE plasma enhanced TEOS, tetraethoXysilane deposition, 
halogenated SiO, ?uorinated silicate glass (FSG), in a thick 
ness range from 1000 to 10000 Angstroms, deposited by 
chemical vapor deposition or by spinning on glass for 
spin-on-glass SOG. 

29. The method of claim 25, Wherein said metal barrier 
layer is selected from the group consisting of: TaN and W 
deposited by chemical vapor deposition, With thickness in 
the range betWeen 500 to 1000 Angstroms. 

30. The method of claim 25, Wherein said ?rst metal 
electrode layer is selected from group consisting of metals 
and metal alloys With high conductivity, deposited by physi 
cal vapor deposition and plating: copper, copper alloys, 
aluminum and aluminum alloys, platinum and platinum 
alloys, palladium and alloys, gold and gold alloys, silver and 
silver alloys, With a thickness range from 1000 to 20000 
Angstroms and for copper, seed layer thickness from 500 to 
1500 Angstroms, With plated copper thickness from 10000 
to 20000 Angstroms, forming a bottom metal electrode 
overlying an intermetal dielectric layer. 

31. The method of claim 25, Wherein said capacitor 
dielectric layer With high dielectric constant material or 
materials, alternating material layers and forming a super 
lattice stack, With stacking units of 1/1, 2/2, 3/3, 4/4, 
comprises a material or materials selected from the group 
consisting of: 

(SrO_3BaO_7)TiO3, SrTiO3/BaTiO3, (SrO_3BaO_ 7)TiO3/ 
(CaO_52Sr0_48)TiO3, BaTiO3/SrTiO3, BaTiO3/BaHfO3, 
BaTiO3/BaZrO3, Ba0_5SrO_5TiO3, With layering stack of 
[(BaTiO3)4/(SrTiO3) 4] 4, Ta2O5/HfO2, Ta2O5/ZrO2, 
Ta2O5/HfO2, Ta2O5/ZrO2, and ferroelectric / antiferro 
electric materials. 

32. The method of claim 25, Wherein said capacitor 
dielectric insulator With high dielectric constant material or 
materials are formed by using Molecular Beam Epitaxy or 
Atomic Layering Chemical Vapor Deposition techniques, 
alternating material layers and forming a super lattice stack, 
With stacking units of 1/ 1, 2/2, 3/3, 4/4, having high dielec 
tric constants based on the groWth temperature, With thick 
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ness in the range between 0.1 to 2 microns, and deposition 
temperatures betWeen 300 to 500° C., With pressure ranging 
from 1 milli-Torr to 10 Torr. 

33. The method of claim 25, Wherein said capacitor 
dielectric layer With high dielectric constant material or 
materials, alternating material layers and forming a super 
lattice stack, are comprised of material or materials selected 
from the group consisting of: super lattice stack starting With 
HfO2, as the bottom starting stack material, formed on SiN, 
silicon nitride, for good adhesion properties. 

34. The method of claim 25, Wherein said second metal 
electrode layer is selected from group consisting of metals 
and metal alloys With high conductivity, deposited by physi 
cal vapor deposition and plating: copper, copper alloys, 
aluminum and aluminum alloys, platinum and platinum 
alloys, palladium and alloys, gold and gold alloys, silver and 
silver alloys, With a thickness range from 1000 to 20000 
Angstroms and for copper, seed layer thickness from 500 to 
1500 Angstroms, With plated copper thickness from 10000 
to 20000 Angstroms, forming a top metal electrode. 

35. The method of claim 25, Wherein said ?rst and second 
metal electrode layers are selected from group copper and 
copper alloys, using copper electrochemical plating from a 
copper seed layer and planariZed by chemical mechanical 
polishing. 

36. The method of claim 25, Wherein said ?rst and second 
metal electrode layer are formed in a dual damascene 
opening in a ?rst material and then planariZed by chemical 
mechanical polishing, forming inlaid embedded metal elec 
trodes in the ?rst material. 

37. A method for fabricating high dielectric constant 
insulators, for a metal-insulator-metal capacitor, comprising: 

providing a bottom metal electrode overlying a semicon 
ductor substrate; 

forming a loW dielectric insulator overlying said bottom 
metal electrode and forming dual damascene openings 
in the loW dielectric insulator; 

forming a metal barrier layer material overlying said dual 
damascene openings; 
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forming by Molecular Beam Epitaxy or Atomic Layering 
Chemical Vapor Deposition techniques a capacitor 
dielectric layer or layers With high dielectric constant 
material or materials With alternating material layers 
forming a super lattice stack overlying said metal 
barrier layer; 

forming a top metal electrode overlying said capacitor 
dielectric layer or layers, to complete the fabrication of 
a metal-insulator-metal capacitor. 

38. The method of claim 37, Wherein said capacitor 
dielectric layer or layers With high dielectric constant mate 
rial or materials, alternating material layers and forming a 
super lattice stack, With stacking units of 1/ 1, 2/2, 3/3, 4/4, 
comprises a material or materials selected from the group 
consisting of: 

(SrO_3BaO_7)TiO3, SrTiO3/BaTiO3, (Sr0_3BaO_7)TiO3/ 
(Ca0_52SrO_48) TiO3, BaTiO3/SrTiO3, BaTiO3/BaHfO3, 
BaTiO3/BaZrO3, Ba0_5SrO_5TiO3, With layering stack of 
[(BaTiO3)4/(SrTiO3) 4] 4, Ta2O5/HfO2, Ta2O5/ZrO2, 
Ta2O5/HfO2, Ta2O5/ZrO2, and ferroelectric/antiferro 
electric materials. 

39. The method of claim 37, Wherein said capacitor 
dielectric insulator With high dielectric constant material or 
materials are formed by using Molecular Beam Epitaxy or 
Atomic Layering Chemical Vapor Deposition techniques, 
alternating material layers and forming a super lattice stack, 
With stacking units of 1/ 1, 2/2, 3/3, 4/4, having high dielec 
tric constants based on the groWth temperature, With thick 
ness in the range betWeen 0.1 to 2 microns, and deposition 
temperatures betWeen 300 to 500° C., With pressure ranging 
from 1 milli-Torr to 10 Torr. 

40. The method of claim 37, Wherein said capacitor 
dielectric layer or layers With high dielectric constant mate 
rial or materials, alternating material layers and forming a 
super lattice stack, are comprised of material or materials 
selected from the group consisting of: super lattice stack 
starting With HfO2, as the bottom starting stack material, 
formed on SiN, silicon nitride, for good adhesion properties. 

* * * * * 


